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FOREWORD

This research was accomplished between 1 April 1965 and
31 August 1966 by the 65718t Aeromedical Research Laboratory,
Holloman Air Force Base, New Mexico, under Contract (T -39909G)
with the Directorate of Medical Research and Operations, NASA
Manned Spacecraft C~nter, Houston, Texas. Acknowledgement is
made of contract monitorship by I'r. Wayland Hull and Miss Margaret
Jackson of the Medical Research Directorate and of their continual
interest in and enthusiam for this research.

The assistance of the following persons of the 6571st Aero-
medical Research Laboratory is gratefully acknowledged: Lt Colonel
Herbert H. Reynolds for his technical advice on experimental design,
analysis of data and interpretation of the results; Lt Colonel James
E. Prine for pathology support; M», John Phelps and A2C James
Graham for experimental monitoring and data reduction; A2C Ronald
Jeter for data reduction and TSgt Neil Catone and A2C Harry Wagner
for their electronic support.

Special recognition is also due the following technical and
administrative support personnel for their ocutstanding efforts
throughout all phases of this program: Mr. Bob Halferty and Mr.
Art Prell, cinematography; Mr. Bill Taylor, still photography;
Mrs. Norma Jean Lacey, Miss Rosemary Holguin and Mrs. Sandra
Gibson for the typing of the drafts and final copy of this report.

As a result of the findings in this research, a replication
of the tests involving 180 and 210 seconds of exposure and an
extension and replication of tests with 240 seconds cf exposure to
a near vacuum will begin in February 1967, This research will
permit a more reliable statement of the limits of impairment and
recovery which is needed for manned spaceflight programs.
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This report has been reviewed and is approved for

publication.
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C. H. KRATOCHVIL, Lt Colonel, USAF, MC
Commander
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ABSTRACT

Nine chimpanzees were decompressed from 179 mm. Hg (breath-
ing 100 percent oxygen) to less than 2 mm. Hg in .8 second and re-
mained at this altitude from 90 to 210 seconis. After recompression
with 100 percent ocxygen to 179 mm. Hg, t} : subjects werc maintained
at this pressure environment for 4 hours post decompression. Results
of these tests, which were of replicatory nature, have substantiated
previous findings that chimpanzees can survive sudden exposure to a
near vacuum and recover within 4 hours to once again satisfactorily
perform complex behavioral schedules on which they had had extensive
training. One subject of questionable fitness expired following a 90-
second exposure to a near vacuum. ECG, respiration, and skin tem-
perature were recorded as a standard procedure from all subjects,
only two of which were instrumented for EEG. All subjects demon-
strated tachycardia immediately following decompression which was
regularily followed by a rather sudden bradycardia. There was an
initial drop in skin temperature immediately after decompression
with an ensuing gradual fall resulting in a total decrease of 1.7 to
2.0° C. Visual inspection of the EEG as well as power spectral
density computer analysis indicated the expected greater subcorti-
cal resistance to anoxia when compared to cortical responses.
Evoked responses to stimulation of subcortical areas were used as
indicators of excitability.
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Alfred G. Koestler
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ABSTRACT

Nine chimpanzees were decompressed from 179 mm. Hg
(breathing 100 percent oxygen) to less than 2 mm. Hg in .8 second
and remained at this altitude frorn 90 to 210 seconds. After recom-
pression with 100 percent oxygen to 179 mm. Hg, the subjects were
maintained at this pressure environment for 4 hours post decompres-
sion. Results of these tests, which were of replicatory nature, have
substantiated previous findings that chimpanzees can survive sudden
exposure to a near vacuum and recover within 4 hours to once again
satisfactorily perform complex behavioral schedules on which they
had had extensive training. One subject of questionable fitness ex-
pired following a 90-second exposure to a near vacuum.
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INTRODUCTION

In past official statements, personnel of the Directorate
of Medical Research and Operations, NASA Manned Spacecraft
Center, Houston, have posed the following questions (1, 2,):

s What are the chances for survival for varying
time exposures to a vacuum before recom-
pression is initiated? |

2. What emergency repressurization schedules
should be planned for the vehicle cabin?

3. How soon will the crew member recover con-
sciousness after varying periods of exposure?

4. How soon and how well will the crew member
be able to carry out his duties after varying
periods of exposure?

5. Will irrational behavior or sickness present
any hazards to the completion of the mission?

Answers to these questions weuve partially provided in a
report (3) by the 6571st Aeromedical Research Laboratory, .
Holloman AFB, New Metxico when, in a series of experiments,
nine chimpanzees were rapidly decompressed to a near vacuum
(less than 2 mm. Hg). These subjects were exposed to this near
vacuum for periods of 5 to 150 seconds. Results from these
experiments showed that all subjects not only survived the
exposures in excellent health but recovered within 4 hours after
rapid decompression and were able to execute a complex be-
havioral schedule at a pre-exposure level of performance. Times
of useful consciousness varied from 8.0 seconds to 29.7 seconds
and the subjects were totally incapacitated for 0.42 minute to
38. 69 minutes, depending on the length of exposure to the near
vacuum. From the behavioral data it was concluded that central
nervous system damage was absent or negligible and would not
hinder the subjects from performing adequately on tasks on which
they had been previously trained.




The purpose of this paper is to report on another series
of nine decompression experiments with chimpanzees which
were designed to replicate exposures to a near vacuum from
90 seconds to 150 seconds and to extend exposure times to near
vacuum up to 3-1/2 minutes (210 seconds).

METHODOLOGY
Subjects

Nine chimpanzees ( five males and four females) from
the chimpanzee colony at the 6571st Aeromedical Research
Laboratory at Holloman Air Force Base, New Mexico, were
assigned to this project. Their approximate ages (determined
by dental eruption) and weights (on the day of decompression)
are summarized in Table 1.

Apparatus

The experimental apparatus consisted of an environ-
mental system, behavioral programming and recording
equipment, and a subject restraint couch with a performance
panel. These systems are described briefly below but a
detailed description may be found in Reference 3.

A, Environmental System

During experimentation, subjects were maintained in
an environmental (decompression) chamber, 76.2 by 121.9
by 121.9 centimeters, containing a volume of 1. 132 cubic
meters.

Atmospheric conditions (pressure. gas comgosition,
temperature, and relative humidity) inside the chamber were
monitored and controlled by a coupled life support system.

The decompression chamber was connected via a 45. 7
cm. diameter decompression valve to a 117.51 cubic meter
volume vacuum system. With the chamber at 179 mm. Hg
and the parasitic system at approximately 140 ‘'micron Hg
the resultant initial pressure equilibrium after decompression
(approximately 1 second) was less than 2 mm. Hg.
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A schematic of the chamber, valve, and vacuum tanks
is presented in Figure 1. Also evident in the schematic is a
liquid nitrogen coil shroud covering the entrance to the first
vacuum tank. This super-cooled coil condensed moisture as
it left the decompression chamber and assisted in maintaining
a near vacuum during the decompression period.

B. Behavioral Programming and Recording Equipment

Training programmin% equipment consisted of commer-
: : ) : )
cially available relay systems , while the experimental

programming equipment was of the solid state variety3- Be -
sides read-out counters, digital print-out counters recorded

reaction times to within one-tenth of a second, while cumulative
type recorders reflected rates of response. As a back-up
system, an eight-channel oscillograph recorded reaction times,
responses, reinforcements, and IRIG - C time code.

1Grayson Stadler Co., West Concord, Mass.
ZForinger and Co., Inc., Rockville, Md.

3BRS Electronics Inc., 5451 Holland Drive, Beltsville, Md.
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C. Performance Panel and Restraint Couch

The performance panel consisted of 10 visual and auditory
stimulus displays and corresponding response manipulanda which
were located within easy reach of the subject. The performance
unit also contained automatic food pellet dispensers and a water
reservoir. The panel was removable from a form-fitted fiberglass
couch which kept the subject's thighs perpendicular to its back
as shown in Figure 2. The subjects were restrained in the couch
with straps from a loosely fitting net restraint suit which also
protected physiological sensors (EKG, respiration, cardiotach-
ometer, and skin temperature).

During those experiments which provided for neuro-
physiological recordings, a well ventilated plexiglass shield
was mounted over the subject's head. This shield permitted
excellent visibility and an opportunity for feeding, yet prevented
the subject from tampering with the EEG electrode: and EEG
cables.

Performance Schedule

A standard 22-minute performance module, previously
described in detail in Reference 3, was used on all decompression
experiments.

The first 12 minutes of the performance module consti-
tuted the avoidance phase, i. e., the subject performed tasks
in order to avoid delivery of a mild electric shock. It consisted
of a continuous motor task and superimposed reaction time
tasks. The continuous avoidance (CA) task (4) covered the
entire period and required the subject to depress a lever at least
once every 5 seconds. The {ollowing dependent variables were
measured: average lever presses per minute and an efficiency
measure basec on the ratio of the number of shocks avoided
versus the total possible number of shocks (144) the subject
could receive.

Concurrent with CA the subject was conditioned to
respond to three reaction time tasks; auditory monitoring (AM),
visual monitoring (VM), and discrete avoidance (DA). AM
required the subject to depress a pushbutton within 1 second of




Yono) IduBWIOIISdd Ul paurer}say 3oafqng 7 aandrg




the onset of a 60 db, 1000 c.p. s. tone. Reaction time tasks to

visual cues required the subject to either depress a lever (DA)

or push a response plate (VM) within 1 second of the onset of
respective visual stimuli, These discrete events occurred
either alone or in conjunction with another discrete stimulus

e.g. a VM stimulus occurred paired with an AM or a DA cue,

{ while the subject was also attending to the CA task. A temporal
sequence of the avoidance program events is presented in
Appendix I. The measured parameters of all discrete events
(77) consisted of response latencies determined in tenths of
seconds and of an efficiency precentage measure derived from

! the ratio of number of correct responses versus the total

number of presentations. [

The last 10 minutes of the performance module was an
""oddity'' task which was designed to evaluate discrimination
efficiency and choice response latency. This program required
the subject to select the ""odd'' symbol of three geometric sym-
bols presented by pressing a corresponding response plate.
The procedure was corrective (wrong choices were repeated).
Successful choices were reinforced by the avoidance of electric
shock and an opportunity to select food or water. OQOddity prob-
lems were separated by 20 seconds and the subject was allowed
10 seconds for each choice. '

Following the oddity task, a rest period of 13 minutes
was provided before a new performance module was cycled.

Procedure

A, Training

Each decompression subject underwent intensive
training on all tasks of the performance schedule. Training
was initiated in a restraint chair (Fig. 3) and was continued
in a restraint couch to acquaint each subject with a reclining

body position, a restraint suit, and the new location of the
performance panel (Fig. 2).

B. Baseline

Two days before an actual decompression study,
baseline data were gathered.

10
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Figure 3. Subject Seated in a Training Chair

11




At 0700 hours of the baseline day the subject was given a
brief physical examination (a thorough examination was administered
four days previously). After physiological sensors were attached,
the subject was then secured in the restraint couch and transported
to the chamber area. By 0830 hours the subject was placed into
the decompression chamber and following behavioral, physiological,
and environmental instrument checks, the chamber door was sealed. .
Purging with dry, bottled oxygen began with the sealing of the cham-

ber door and the attainment of a 95 percent O, concentration in the
chamber marked the beginning of the denitrogenation period which

continued for 180 minutes with maximum attainable O, concentration
(100 percent). Ambient pressure (660 mm. Hg ) was maintained
in the chamber during this time.

Thirty minutes, and again at two hours after the onset of
denitrogenation, a complete performance module was presented
to the subject.

Ascent to 179 mm. Hg (100 percent Oy) began at the termi-
nation of the denitrogenation period. This reduction in pressure was
accomplished in an average of 13 minutes. A complete performance
module was presented 10 minutes after the attainment of 179 mm. Hg
and was followed by a 13-minute rest. A ''sham decompression' was
inserted into the second performance module after attainment of 179
mm. Hg. The exact point of the sham decompression was determined
by the performance module (see Appendix I). Following the sham
decompression the avoidance portion of the performance module was
recycled and presented to the subject (separated by one minute rest
breaks) twice in succession. A normal work-rest sequence ( 22
minutes of performance and 13 minutes rest) was then pursued for
4 hours after the sham decompression. For studies which had
extended exposure times to the near vacuum (180 seconds and 210
seconds) the post sham RD time was expanded to 8 hours in the
expectation of longer recovery periods. During these extended base-
line days, 1 hour of rest was inserted at 4 hours and 6 hours post
sham RD.

At the end of this period the subject was then recompressed
to ambient pressure with air. After removal from the chamber,
the subject was transported to the Veterinary Division. There, all
physiological sensors were removed and a brief physical examination
was performed. The subject was placed into a metabolic cage to
collect urine and feces samples. The time between the baseline test
and the actual decompression test was used to rest the subject.

12
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Physiological recordings began simultaneously with the
closing of the decon;pression chamber and were repeated as
often as the attending physiologist considered necessary for
sampling purposes of baseline data. However, continuous .
recording was accomplished immediately prior to, during, and
subsequent to the sham decompression.

C. Experimental

On the day of the decompression test the procedure
described under ‘'baseline! was followed with the following
exceptions;:

The sham decompression was substituted by the actual
decompression. Decompression from 179 mm. Hg (100 per-
cent oxygen) to less than 2 mm Hg was accomplished on the
average in 0. 8 seconds while recompression from the near
vacuum to 179 mm. Hg (with 100 percent oxygen) was always
accomplished in 30 seconds. Exposure time to near vacuum
was predetermined and was measured from the onset of de-
compression to the onset of recompression.

, The negative reinforcement device was switched off
30 seconds after the subject made the last appropriate response
to a meaningful stimulus and was reactivated when the attending
physiologist indicated sufficient physiological and neurological
recovery by the subject.

Following recompression, the avoidance portion of the
performance module was recycled until the subject made the
first appropriate response to a meaningful stimulus, thus
ending the time of total behavioral impairment. The particular
program module during which the subject made its first response
following decompression was then presented in total (avoidance
and oddity) and the nominal work-rest sequence ( see performance
schedule) was continued for a minimum of 4 hours post decom-
pression or until the subject had again regained a pre-exposure
level or performance. A schematic of the test profile is pre-
sented in Figure 4.

13
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Photographic Docymentation

Black and white still pictures were taken of the subject
during the experimental conditions. The pictures included one
photograph every 15 seconds starting with decompression and
ending with completed recompression.

A 100 foot color film with a 48 frames/second exposure
rate began 5 seconds prior to decompression and continued
until the film was exhausted. A second color film (1200 feet)
with a 24 frames/second exposure rate began 30 seconds prior
to decompression and ran for approximately 10 minutes. The
camera was restarted when the subject showed signs of recov-
ery and continued until the film was exhausted.

Stat istical Approach

A. Definitions

1. "Baseline data' included all behavioral meas-
ures recorded during baseline sessions and the data obtained
on the experimental day before RD occurred.

2. "Experimental data' included all behavioral
measures beginning with the first appropriate responses to a
meaningful stimulus following the period of total impairment
and ending with the removal of the subject from the experimental
environment.

3. "Time of useful consciousness (TUC)'" encom-
passed the time elapsed between the onset of RD and the last
appropriate response to a meaningful stimulus immediately
following RD.

4. "Time of total impairment (TTI)" described
the time elapsed between the end of TUC and the first appro-
priate response to a meaningful stimulus following TUC.

5. ""Total behavioral recovery ( TBR)'" repre-
sented the time elapsed between the onset of RD and the point
in time when the last behavioral measure had returned to or
crossed the respective lower baseline limit. In the case
where oddity reaction time was the last performance measure

15




to return, the experimental data had to fall within the lower and

upper baseline limits to be considered recovered. The point in

time for TBR was determined by the first correct responses in
the module whose respective mean fell beyond the lower base-
line limit.

6. Baseline and experimental ranges were composed
of performance module means rather than individual responses.

B. Data Analysis

For each decompression experiment, total reaction
times (RTt) were divided into single reaction time (RTs) re-
spunses and paired reaction time (RTp) responses. Each data
group was tested for significance of difference between the base-
line mean and the corresponding experimental mean. Means
were based on all baseline and 21l experimental responses rather
than on performance module means.

For each decompression experiment, efficiency
measures on all performance variables were tested for signif-
icance of difference between the baseline and the experimental
means (computed from performance module means).

For each decompression experiment, a perform-
ance module-by-module comparison was made between base-
line and experimental reaction time means to illustrate impair -
ment and recovery of these measures for different exposure
times.

For all decompression experiments, product
moment correlation coefficients as well as a correlation
ratio (eta) were computed between the temporal variables
(TTI and TBR) and exposure time to a near vacuum. These
data were also combined with previous findings to arrive at
more reliable statistics.

16
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RESULTS

A total of nine decompression experiments were conducted
with exposures to a near vacuum ranging from 90 seconds to 210
seconds (in 30-second increments). Eight subjects survived the
experimental conditions in excellent physical health and were able
to perform a complex behavioral schedule at a pre-exposure level
of performance within 4 hours of decompression. One subject |
(No. 170, RD 12/90) expired during the exposure to near vacuum.
A complete necropsy report and a summary of the histological
findings on subject 170 is presented in Appendix II.,

A summary of the cffects of rapid decompression to a
near vacuum on behavior is presented in Table II, and Figure 5.
Representative recordings of continuous motor response rates
at the various exposure times show impairment and total recovery
of this task during and following decompression ( Fig. 6 and 7).

Detailed results of statistical comparisons of overall
baseline and experimental performance as well as a performance
module -by-module comparison of the reaction time tasks for each
decompression can be found in Appendix III.

A, General Observations

After removal from the chamber, subjects appeared
to be fatigued but displayed very little change in their responses
to handlers and the routines of post-decompression examinations.
All subjects were quite dehydrated, drank large amounts of water
and generally showed good appetites. On the average all subjects
lost 250 to 800 grams of weight as a result of the decompression
and the 10-hour confinement in the chamber. The penis of each
male subject showed distinct swelling, which subsided after 24
hours.

B. 90-Second Exposure to a Near Vacuum
l. Subject 154 - RD 13/90

From the onset of decompression, the subject
responded to the behavioral tasks for 6.5 seconds (TUC), then
was incapacitated for 11.63 minutes (TTI), and recovered after
199 minutes following recompression to within baseline limits of
performance (TBR).

17
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PERFORMANCE 90 SECOND | 120 SECOND | IS0 SECOND | 180" | 210"
VARIABLES EXPOSURE EXPOSURE EXPOSURE EXP | EXP

S-154 | S-246{ S-135 | S-239] S-156 | S-I72 | S-2i8 | S-254

CA RESP. /MIN.

CA EFF. %

DA (TOTAL) RT.

DA (SINGLE) RT.

DA (PAIRED) RT.

DA (TOTAL) EFF

DA (SINGLE) EFF.

DA (PAIRED) EFF.

VM(T) RT.

VM (S) RT

VM (P)  RT.

VM (T) EFF.

VM (S)  EFF.

VM (P) EFF

AM (T)  RT.

AM (S)  RT.

AM (P)  RT.

AM (T) EFF

AM (S)  EFF.

AM (P)  EFF.

ODDITY RT.

ODDITY  EFF.

oooITY "z* |
1

SR SIGNIFICANT DECREMENT FOLLOWING DECOMPRESSION

Figure 5. Summary of Significant Behavioral Decrements
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In a comparison based on overall baseline and
experimental means, 13 performance measures out of a total
of 23 were significantly affected after decompression. Reaction
times to visual stimuli of pushbutton response - (VM) and of lever
press responses (DA) were significantly slowe: after decompression
as a result of significant decrements in response to single and
paired cues. However, the only response efficiencies adversely
affected were those associated with paired pushbutton responses
(VMp). Reaction times of single as well as paired pushbutton
responses to auditory cues before decompression showed signif-
icant impairments, while only paired responses showed a
significant reduction in response efficiency after decompression.
Reaction times to the choice discrimination task (oddity) were
significantly longer even though discrimination efficiency did not
change significantly. Continuous motor task variables (response
rate and response efficiency) were not adversely affected by the
experimental conditions.

2. Subject 246 - RD 16/90

This subject attended to the behavioral task for
8.0 seconds after decompression (TUC) and was totally impaired
for 15. 67 minutes. Total behavioral recovery occurred 188.75
minutes following decompression.

Comparison of pre-experimental and experimental
performance reveals that 10 out of 23 performance measures were
significantly depressed following decompression. CA responses
dropped markedly in response rate and efficiency. Reaction times
to DA cues showed an overall decrement attributable to the increase
in time it took the subject to attend to single DA stimuli. Efficiencies
on this task were not affected. Total VM reaction time was signif-
icantly slower during the experimental sessions, due to a signif-
icant increase in response latency to paired VM cues. The overall
VM efficiency was significantly reduced as a result of a drop in
efficiency to both paired and single visual cues.

Experimental auditory measures were lost because
of equipment failure and could not be analysed.

Reaction times to the discrimination task (oddity)

were on the average significantly slower than baseline measures
but discrimination efficiency was not affected.
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C. 120-Second Exposure to a Near Vacuum
1. Subject 155 - RD 10/120

Subject 155 responded for 29. 6 seconds following
decompression (TUC), was unable to respond for 13. 73 minutes
(TTI), and recovered completely after 81. 75 minutes measured
from the onset of the decompression.

Only four recorded behavioral variables ( out of
23) showed a significant decrement during the experimental period
when compared with baseline performance.

Response rate on the continuous avoidance task
(CA) was significantly lowered but not enough to reduce the sub-
ject's effectiveness in avoiding electric shock.

Visual monitoring reaction times to paired
stimuli were extended significantly to bring about a significant
decrement in the overall VM reaction time.

Response latencies to single auditory cues
slowed markedly during the experimental sessions but not
sufficiently to influence the overall AM reaction time.

& Subject 239 - RD 15/120

After 10. 4 seconds following decompression (TUC)
the subject was unable to respond to the behavioral program for
12.97 minutes (TTI) and needed 198. 5 minutes to achieve complete
behavioral recovery (TBR).

Continuous motor performance was not adversely
affected by the experimental condition. Overall DA reaction
times were significantly slower after decompression because of
significant increase in response latency to paired stimuli,
Efficiencies on this task were not affected.

VM response latencies to paired cues showed a
significant decrement; however, the decrement was not large
enough to influence overall VM reaction times. All VM effi-
ciencies were significantly lowered after decompression.
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AM reaction times were not affected, but all
efficiencies on this task were significantly lowered.

The subject was able to discriminate on the
oddity task with equal efficiency after decompression, yet its
reaction times to the oddity problems were significantly slower.

Of 23 measured variables only 10 were signif-
icantly lowered by the experimental conditions.

D. 150-Second Exposure to a Near Vacuum
l. Subject 156 - RD 11/150

After 10 seconds following decompression (TUC)
the subject was ‘incapacitated for 46.50 minutes (TTI), but
recovered to within baseline limits of performance 187. 00
minutes following decompression (TBR). Eight of 23 response
variables were significantly depressed as a result of the
exposure to a near vacuum.

Response rate on the continuous motior task (CA)
dropped an average of 10 lever presses per minute, a significant
reduction which did not affect the subject's efficiency to avoid
electric shock.

Overall DA response latency was increased
after decompression because the subject took longer to re-
spond to paired DA stimuli.

Reaction times for pushbutton responses to
single visual cues (VM-single) was so significantly slower that
it was reflected in a significant decrement of the overall visual
monitoring (VM-total) response latency. The response efficiency
to this particular portion of the behavioral program was also
significantly reduced, however not enough to bring about an
overall VM efficiency raduction.

Reaction times and efficiencies to the auditory
stimuli were not affectec by the experimental condition.
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Even though response latency to the visual dis-
crimination task was not affected, efficiency in selecting the
""odd'" symbol was significantly reduced.

2. Subject 172 - RD 14/150

The subject lost its ability to respond to the
behavioral task 1.5 seconds after decompression (TUC), was
totally impaired for 34. 83 minutes (TTI) but regained a level of
performance equal to its baseline performance after 197.25
minutes following RD (TBR).

Only 4 measures of the 23 variables were not
affected by the exposure to a near vacuum; all others reflected
a significant reduction in perforiaance immediately following
decompression.

The unaffected variables were response effi-
ciencies to single DA cues and single, paired, and combined
VM stimuli.

E. 18(-Second Exposure to a Near Vacuum
Subject 218 - RD 17/180

After decompression the subject was totally
incapacitated for 26.70 minutes (TTI) following a time of
useful consciousness of 11.10 seconds. Within 234,25 minutes
after RD the subject was again performing on a baseline level.

With the exception of the measures on the contin-
uous avoidance task, reaction time measures to paired VM cues,
single and combined AM stimuli, and the efficiency measure on
the visual monitoring task to single stimuli (VM-single), all
experimental mean performance measures displayed a significant
decrement when compared to respective overall baseline means.

F. 210-Second Exposure to a Near Vacuum
Subject 254 - RD 18/210

This subject responded to the behavioral program
for 10.20 seconds following decompression and was totally
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impaifed for 29.25 minutes. The subject showed complete
behavioral recovery 199.25 minutes after onset of decompression.

Response rate and response efficiency on the continuous
avoidance task (CA) were significantly reduced. Overall reaction
times for lever presses to visual stimuli (DA) showed a signif-
icant decrement due to a marked increase in DA-paired response
latency. Efficiency to DA-single stimuli was significantly
lowered after RD.

Overall VM response latency was significantly longer -
brought about by a significant slowing of reaction time for
pushbutton responses to single visual cues (VMs).

Auditory reaction times were not affected; however,
impairment was sufficient to significantly lower all response
efficiencies to auditory cues.

The subject was able to discriminate on the oddity
task not significantly different after decompression but took
significantly more time to make selections.

A total of 11 out of 23 response variables showed a
gsignificant impairment after decompression when compared
to baseline performance.

DISCUSSION

After exposure to a near vacuum, experimerial subjects
showed a statistically s.gnificant impairment on 4 to 19 ( the
range) behavioral measures. It is important to note that each
subject had recovered sufficiently within 4 hours of decompression
to respond on all behavioral measures within its respective base-
line limits. Responses immediately following decompression were
impaired to a point below the respective baseline average and
reduced the experimental performance means, thus bringing about
the statistical differences--but responses towards the end of the
4-hour period were within the subject's normal pre-exposure
limits, demonstrating behavioral recovery.
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The performance variables most consistently affected by
the exposure to a near vacuum, regardless of length of exposure,
were pushbutton reaction times to visual cues (VM) and DA lever -
press reaction times to visual cues (7 out of 8 subjects). Re-
sponse latencies of pushbutton responses to auditory cues (AM)
were least affected by the experimental conditions (2 out of 8
subjects).

During the longer exposures to near vacuum (150 to 210
seconds), reaction times to visual cues, regardless of the type
of response, showed a consistent decrement after decompression
(4 out of 4 subjects). Only one subject showed a reaction time
decrement to auditory cues; however, response efficiencies to
the auditory tasks were reduced significantly on 3 out of 4 sub-
jects. At these longer exposure times it became evident that
a trade-off was taking place in almost all subjects. Focr tasks
involving visual cues subjects were successful in attending to
stimulus presentations at the expense of quick reaction times,
while auditory response reaction time was maintained but fewer
successful responses were made. In essence, it may be said
that followinLdecompression the chimpanzee can respond to
most visual signals but does so slower than before decompression.
On the other hand, he fails to respond to more auditory than
visual signals, but when he does respond to an auditory sﬁigal,
he responds as fast as he did before he was decompressed.

It is also interesting to note that for these longer
durations (150 to 210 seconds) the decrement in reaction time
of lever presses to visual cues (DA) is consistently attributable
to the pairing of this response with other responses (VM or AM).
Contrary to this phenomenon, pushbutton (VM) reaction time
decrements occur principally when only a single response is
required, i.e., not paired with other responses. On the average,
response rates on the continuous motor task (CA) were depressed
on all exposures, with 3 out of 4 subjects showing a significant
reduction when the time at near vacuum was 150 to 210 seconds.

One subject, No. 218, RD 17/180, was placed in the
chamber again approximately 6 weeks fdlowing its decompression
and was exposed to the baseline procedure previously described.
Comparison of the behavioral samples taken at baseline ( 2 days
before the 180-second exposure) and during the follow-up study
(54 days after exposure to a near vacuum) showed a general decre-
ment of behavior which was not evident during follow-up studies.
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performed with subjects exposed to shorter durations at vacuum.
CA response rate, reaction times to auditory cues, DA cues as
well as the efficiencies to all discrete events showed significant
decrements. However, reaction times to the oddity problems
were significantly improved with discrimination efficiency on
this task remaining unchanged from its baseline (pre-exposure)
value. Even though response rate on CA was lowered it did not
impair the efficiency on this task which could mean that the sub-
ject was able to adjust its behavior and still be successful at a
lowered work output. These data may be indicative of some
residual behavioral impairment following a 3-minute exposure
to a near vacuum.

A product-moment correlation between exposure times
to a near vacuum and the time of total behavioral impairments,
using data points, gathered during this and the previous series
of decompressions, produced a Pearsonr of .78 (Fig. 8).
Visual inspection of the distribution pointed out a marked and
consistent deviation from linearity at the 150-second exposure
time. A curvilinear correlation analysis supported this with
an eta (M) of .96 and a statistically significant deviation from
linearity (F=3.59; df=7, 8; p<. 05). The data from the current
series of decompressions did not vary markedly from the
prediction based on the first series of nine cases suggesting
the reliability of the total findings.

Product-moment correlation between exposure time
and the time of total behavioral recovery produced a Pearson
r of .70 (Fig. 9). Here data points were not as clustered as
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